This paper seeks to present a unified framework for several factors that have been independently studied as determinants of unit values in international trade: product differentiation by quality (which suggests that unit values should be positively correlated with exporters' per capita income), pricing-to-market (which suggests they should be positively correlated with importers' per capita income), and non-tariff measures (which suggests that remaining residuals may contain evidence of trade barriers). On a large sample of bilateral unit values for 2005, we find that about 60 percent of all HS-6 products demonstrate both significant quality-ladder effects and pricing-to-market effects, with quality-ladder effects predominating in importance. Distancerelated effects appearing directly in prices appear significantly larger than one would expect as a result of shipping margins. We also rank importers by the remaining unexplained variation in import prices, and examine whether these variations are plausibly related to non-tariff measures.
Introduction
The abundance of data on unit values in trade has generated a large number of explorations into the stylized facts generating them. The present paper presents a unified framework for identifying systematic variation in unit values, using multilateral data at the HS-6 level. This compares to work on unit values that is motivated either by supplyside considerations relating to product quality, associating higher unit values with exporters' per capita income (Schott (2008) focusing on China, Fontagné, Gaulier and Zignagno (2008) which use a unit-value classification to motivate an extended gravity model of trade flows) or by demand-side considerations of pricing-to-market (Alessandra and Kaboski (2007), Co (2007) ), associating higher unit values with importers' per capita income.
Most of this work (except for Fontagné et al.) tends also to focus on a single exporter or importer rather than on multilateral data, or on a particular motivation for variation in unit values in trade. We find that both quality effects and pricing-to-market effects are important in bilateral data, but that quality effects are relatively more important. The variation in the size of these effects across industries is indicative of the relative degree of product homogeneity. We also illustrate how the substantial amount of remaining variation in the data can be used to diagnose the possible presence of non-tariff measures. Table 1 illustrates the type of variation one finds in the unit value data, for a particular HS-6 subheading, "watches (excluding wristwatches) with cases of or clad with precious metal, electrically operated." The example, which reflects the largest trade flows in quantity terms 2 , illustrates several features which are frequently observed for a wide variety of products. First, the range in unit values is very broad, amounting to three or four orders of magnitude. Exports from Switzerland to Great Britain have a unit value of $1,001.68, while exports from China to Japan sell for $0.56 apiece. These are highly unlikely to represent the same product. Second, higher-income countries tend to sell a higher-priced product; in this sample, Swiss watches are always higher-priced than Chinese watches. Third, higher-income countries tend to pay more for products in this category; compare. imports of Great Britain and the Netherlands vs. imports of Bulgaria, South Africa, and Mexico. Fourth, there are observations that are exceptions to both the third and fourth rules. These are the features of the data which we will exploit in the analysis below.
Previous literature and theoretical motivation
Traditionally, models of trade assumed perfect competition and perfectly substitutable goods in deriving the notion of a single world price for traded commodities.
In such as world well-defined traded goods would have the same import and export unit values regardless of the identity of the exporting and importing country. An early effort to relax this was the Armington (1969) model. The Armington assumption is that, within a particular product category, countries tend to specialize in exporting particular varieties while all importing countries tend to purchase a bundle of varieties. This should imply that the variation in import unit values across countries (for particular product categories) is far lower than the variation in export unit values across countries. From the perspective of a particular country we would expect the data to be consistent with its producing (or at least exporting) a single variety within a product category (with a relatively low coefficient of variation (CV) of export unit values across all destination markets), but importing numerous varieties from the world (so a higher CV across source countries on import unit values). While the issue of the relative variance of import and export unit values across countries is of interest, and a topic for future research, in this paper we focus on explaining bilateral import and export unit values (as opposed to the variance of these values); on this topic, the Armington model has little to say.
The literature on pricing-to-market, in the form of international price discrimination, going back to Krugman (1987) , suggests that a country's average import unit values (and bilateral export unit values to that country) will be a function of percapita income (though working through price elasticities of demand), but not of supplybased factors in the exporting country. Recent empirical papers by Co (2007) and Alessandria and Koboski (2007) are consistent with such a relationship. The finding of a relationship between importers' per-capita income and unit values suggests an important cause for income-based deviations from purchasing-power parity (PPP) in addition to the often-invoked Balassa-Samuelson effect (Balassa (1964 ), Samuelson (1964 , which attributes such deviations to the prices of non-tradable inputs into traded goods as delivered further down the supply chain. Deviations measured directly on export or import (f.o.b. or c.i.f. prices) do not include non-traded wholesale and retail margins, and are unlikely to be caused by embodied non-tradables in the importing country. Co (2007) , explaining patterns of variation across destination markets in U.S. exporter pricing (between 1989 and 2001) , finds evidence consistent with several mechanisms supporting price discrimination -these include quality variation, transaction costs (as proxied by language of the importing country), and incomplete responses to currency fluctuations. Alessandria and Koboski (2007) also document price discrimination by U.S. exporters; however, they motivate this behavior through a consumer search model. They assume (and provide some evidence suggesting) that lowincome importing-country consumers are more productive in search and for this reason are more price sensitive than are consumers in higher-income destination markets.
However, the Melitz (2003) model of heterogeneous producers, and subsequent work, focuses on the supply/exporting-country side of the market, suggesting that productivity differences within (as well as across) countries lead to variation in qualities of exported goods and in export unit values. Assuming that higher per-capita incomes in an exporting country will allow for both higher average quality of exports and a greater range of quality by that country's exporters, we would expect higher income to be associated with higher average export unit values, both in total and to particular destinations. Schott (2008) looks at 10-digit US import data from both China and the OECD countries and finds considerable overlap in terms of quantities, but much less so in terms of export prices, suggesting that Chinese exporters are lower on the "quality ladder" than are those in more-developed economies. Fontagné, Gaulier and Zignagno (2008) , while acknowledging demand-side forces determining unit values, focuses primarily on the supply-side influences and generally supports the Schott results -of higher unit values within product categories as the level of development increases --across a large sample of bilateral unit values over a ten year period, though at a more aggregate product definition (6-digit HS).
To formalize these relationships, consider a monopolistically competitive export sector, where quality (R) is a function of local per-capita income (Y j ), but higher quality products can only be produced at a higher marginal cost. 3 For a simple specification (with i indicating importer country, and j the exporter country), let MC j = R a , R= Y j b , (both a, b >0) implying MC j = Y j ab . In determining export price to a particular destination market, that market's import demand elasticity for a particular product is of course relevant, and we assume that |η| is inversely related to importing-country per-capita income (Y i ); 4 for purposes of exposition, let 1 -(1/|η|) = Y i -d (d>0). 3 An alternate motivation for this specification can be generated from the quality-ladder model in Grossman and Helpman (1991) , ch. 4. Higher-quality products are innovated using costly R&D, and produce more utility for the consumer. The association of R&D with quality and higher prices thus comes on the demand side rather than the supply side, but the stylized fact that high-income countries are more R&D intensive continues to provide the motivation for an association between per capita income and product price. 4 There are several explanations for why import demand elasticity and per-capita income are inversely related. For one, a positive income shock leading to a parallel shift of import demand will always lead to a reduced price elasticity of demand. An alternative mechanism is the higher search cost in high-wage economies leading to reduced price search by consumers and a resulting more inelastic demand (as discussed by Alessandria and Koboski (2007) ).
In terms of bilateral import prices (or unit values), the profit maximizing price markup (or Lerner Index) is [P -MC e ]/ P = 1 / |η|, which after some manipulation yields P ij = Yj ab / Y i -d or ln P ij = ab ln Yj + d ln Y i , with all estimated parameters expected to be positive, both reflecting heterogeneous exporter quality and pricing-to-market. Of course, transportation and other trade costs need to be considered as well in explaining bilateral unit values derived from importer data. Also, consistent with the discussion above, an empirical finding that d > 0 may be motivated by other factors than price discrimination or search; it may also represent evidence of product differentiation along another dimension.
In addition, the residual in the estimated version of the above equation captures variation in import unit values not explained by either demand variation in import markets (pricing-to-market) or quality/productivity variation in export markets (producer heterogeneity). While one source of the remaining variation can be the inclusion in the HS6 product categories of widely disparate products, another can be the presence of nontariff measures affecting trade. In future work we hope to attempt to disentangle these two influences; however, as a start, we present below some evidence on the products and importing countries in which the largest (normalized) residuals are present.
Data and Specification
The data analyzed are from a single year, 2005. The data are obtained from the COMTRADE system maintained by UNCTAD. The initial dataset represents all bilateral trade flows for all importing partners for all HS-6 subheadings (hereinafter "products"), as reported by the importing countries using the HS-2002 classification. 5 Unit values are generated as the observed ratio of quantities to values, and normalized to the mean value for each product. 6 A number of procedures are used to trim and clean the data. This is necessary in part because anomalous and extreme unit values can be generated for a number of reasons, and it is not always easy to distinguish spurious from authentic extreme values. Thus, the following procedures are adopted:
• HS-6 products are deleted from the dataset if:
o There is no unit of quantity associated with them;
o If less than 80 percent of global trade is measured in a standard unit of quantity (e.g. number of units, or kilograms);
o If the product name ends in the word "other." 7
• Individual observations are deleted if:
o The available units of quantity were estimated by UNCTAD rather than directly reported by the importing country;
o The observations record a country as importing from itself;
o The observed value of bilateral imports is less than U.S. $25,000;
o They are among the 5 percent of extreme observations for each products (2.5 percent in each tail) after the first three exclusions are made;
o They do not have matching data for per-capita income or distance (see below) for one or both trading partners
The joint effect of these exclusions is to reduce the number of observations from approximately 6.02 million to 2.28 million, the number of usable HS-6 subheadings from 5,222 to 3,628, and the coverage of world imports to about 40 percent of the total. In exchange for the loss of universality, it is hoped that the results more accurately reflect available information about actual market conditions obtainable from the unit values.
The specification estimated for each product is
in which the subscripts i and j indicate the importing and exporting countries, P is the (normalized) unit value of imports of country i from country j, Y is purchasing-power parity per capita income in 2005, D is distance, C is a dummy variable indicating contiguous countries, and L is a dummy variable indicating landlocked countries. Since the equation is estimated separately for each product, the estimated coefficients vary across products, and the subscript for products is omitted for convenience. The coefficients are estimated with heteroskedasticity-consistent standard errors.
In exploratory work, we estimated a specification using only $ 0 , $ 1 , and $ 2 . The additional variables, which give the estimated equation the appearance of a sort of price dual to the gravity equation, were added because the prices are c.i.f. (importers') prices, and thus presumably have different insurance and freight margins for different country pairs. The addition of the distance-related variables status was originally intended simply to "sweep out" these margins in a crude way. 8 As it turns out, the results on per capita income are broadly robust to whether or not the additional variables are included, but we end up learning something extra from including the additional variables, as discussed below.
The measure of GDP per capita used is current 2005 GDP per capita on a PPP basis as reported in the World Development indicators. The various distance measures are available from CEPII and documented in Mayer and Zignagno (2006) . 9
Econometric Results
Table 2 provides the distribution of estimated coefficients for the 3,628 product categories, and the broad differences observed between agricultural (HS 1-24) and nonagricultural goods (HS 25-97). Agriculture contains a higher proportion of goods which may be homogeneous in the pure physical sense, while non-agricultural goods are more likely to be improvable by research. Thus, this split provides useful initial information about the variation among products.
For each of the six variables, the estimated sign is as expected for a sufficiently large majority of products to reject the null hypothesis that positive and negative values are equally likely. By far the strongest results are those for the relationship between unit values and exporters' per capita income, suggesting that quality ladders are pervasive.
96.4 percent of the 3,628 HS-6 products examined show a positive relationship between unit values and exporters' per capita income, with 82.6 percent of these statistically significant at .01 or better (one-tail). The proportion of statistically significant positive results at this level is higher for non-agricultural than for agricultural products (84.5 percent vs. 72.7 percent), as is the estimated coefficient for the mean product (.347 vs.
.201). 10 This is consistent with the idea that non-agricultural products tend to be more improvable by research, and higher-income countries tend to be more research-
intensive. 11
The second finding is that the quality-ladder effect tends to be more important than the pricing-to-market effect. While a large majority of products (78.4 percent)
show a positive estimate for importers' per capita income and a majority (54.1 percent) a statistically significant relationship at .01 or better, these percentages are both less than for the quality-ladder effect. Also, the estimated coefficients are, on average, less than half the size of those for exporters' per capita income (.152 vs. .326), and they do not show systematic variation between agricultural and non-agricultural products.
The estimated coefficients for the four distance variables show a larger percentage of unexpected signs and low-significance values than for the income variables. The effect of adding additional kilometers of distance is greater on average for agricultural products (spoilage?), as is the price premium associated with of landlocked importers, while the price premium associated with landlocked exporters is greater on average for non-agricultural products.
The considerable variation in the estimated effects of exporters' and importers' income (elasticities of observed price with respect to income) is exhibited in Table 3 and Figures 1 and 2, which portray variation according to the 21 sections of the Harmonized System (A section is a grouping of one or more two-digit chapters.) Table 3 provides First, we can see what kinds of products typically have the highest association between either importers' or exporters' per capita income and observed importers' prices.
Pricing-to-market effects are strongest for art and antiques (.800 at the median); footwear, headgear, and other accessories (.410); and hides, leather and skins (.357). These cases seem less explainable in terms of search than in terms of demand-side product differentiation. All of these categories contain consumer luxury products which may be very different in demand without being very different in terms of production costs or research intensity. The strongest quality-ladder effects for the median product 12 are for arms and ammunition (.460), instruments, clocks, etc. (459), and machinery and equipment (.452), which includes capital equipment, electronics and computers. These are all cases for which the role of R&D in producing advanced products is self-evident.
Next, we can see where the exceptions to the rule of prices increasing with both partners' income are concentrated. As noted above, these are more widespread for importers' per capita income, the pricing-to-market effect. For mineral products, which include fossil fuels, fewer than half of the 105 HS-6 products exhibit positive pricing-to-market effects. At least one quarter of all products made of wood, cork, and straw do not exhibit positive pricing-to-market effects. This result also holds for metals and metal products. Interpreting these cases according to the search model, it may be that the products which are exceptions to the rule are those for which product attributes are facially obvious; or, if they represent additional product differentiation, one could say that the differentiation within HS-6 subheadings is minimal. These cases all represent industrial intermediate goods, some of which are traded on commodity exchanges. The only category for which over 25 percent of goods fail to exhibit quality-ladder effects is gems and jewelry. While there is certainly skill involved in making these products, it is as much a matter of tradition and custom as of formal R&D, and the relevant skills are often present to a high degree in low-income countries, for example India.
Since the interpretation of an elasticity of c.i.f. prices with respect to per capita income is not intuitive, Table 4 illustrates the economic importance of the estimates by means of a simple simulation. Considering the median product and the 75 th percentile (high effect) product in each HS section, Table 4 presents This reduces the price variation observed in the example of watches in Table 1 to a stylized fact, and illustrates in a different way the variation across categories of products.
A 40 percent price premium, for example, indicates that when the unit value in a country with the per capita income of China is $1.00, the comparable unit value is $1.40 in the United States. Note that these are not actual comparisons between China and the United States, but stylized comparisons between countries at comparable stages of development.
Also, because China is a lower-middle income and not a low-income country, these price premia are not the largest that could reasonably be obtained by considering countries at extreme opposite stages of development.
The estimated price differences in Table 4 illustrate that very broad amounts of price dispersion associated with levels of development are not at all unusual. Median unit values for products produced by "United States" are at least double those for products produced by China in five HS sections (arms and ammunition, instruments and clocks, machinery and equipment, stone, ceramics and glass, art and antiques), and unit values for products at the 75 th percentile are at least doubled in an additional 8 sections.
Taking Tables 3 and 4 together, and considering the 75 th percentile alone, we find that in the two "high-tech" sections 16 and 18 alone (machinery and equipment, and instruments and clocks) there must be at least 140 products for which the typical "United States" unit value is at least triple that of the typical "Chinese" unit value. Similarly, large pricingto-market effects are widespread for many product categories, though not as widespread, and are extremely high for art and antiques.
Similarly, Tables 5 and 6 illustrate the effects of the various distance variables both for a median product in each HS section and for a 75 th percentile product. In the case of geographic distance, the variable represents the price markup associated with moving the product the mean distance for an observation in the overall dataset (about 3,200 km) as opposed to not having to move it at all. For the median product overall, the distance effect corresponds to a price markup of 52.5 percent. This is much larger than one would expect for a c.i.f. margin. Available data for New Zealand and U.S. imports, which allow the margin to be separated from the total unit value, suggest typical values for transport and insurance costs on the order of 4 to 11 percent of the c.i.f. value (Hummels (2007) ). It is unclear whether the estimated distance effects reflect some costs of trading not included in c.i.f. margins, some inefficiency in market information, or something else. In any case, normal distance-related effects on price appear to be very high for certain products, including mineral products; stone, ceramics, and glass; and some gems and jewelry products. They are the lowest and in fact usually absent, for textiles, apparel, footwear, and headgear. The estimated effects of contiguity and landlocked status are assessed for the case in which the status is present or absent, i.e. they are the effects observed when the associated dummy variable equals 1 rather than zero.
If high estimated values of $ 2 really do indicate products that are qualitydifferentiated by research intensity, then these estimates could be used as potential indicators of what products involve the biggest technology gaps; that is, products for which innovation and production of the most advanced varieties is most difficult both to perform and to imitate. Table 7 lists the thirty products with the highest estimated quality ladder effects. These products involve price ratios on the simulated "U.S.-China" scale of between 6:1 and 22:1 for the high-quality and low-quality versions.
The list of high-quality-ladder products is instructive, and dominated by specialized machinery and instruments. These include five categories of metal working machinery, two categories of specialized weighing machines, cathode ray tubes and television camera tubes, telescopes, two kinds of cameras, and several kinds of agricultural machinery. There are also some categories of elements, compounds and alloys (arsenic, furfaldehyde, carbon disulphide, rare-earth metals, and natural calcium phosphates) which may be homogeneous chemically but which may vary importantly in purity or other attributes that may be expensive to produce.
Similarly, if pricing-to-market really reflects further differentiation of goods valued by high-income consumers as much or more than search, then his should be even more apparent when looking at the thirty products with the highest pricing-to-market effects, as we do in Table 8 . This impression is in fact confirmed. The products involved include gold waste and scrap (with an over 300:1 price ratio on the "U.S.-China" simulated scale), pleasure boats; postage stamps; mink, fox, and other furskins; saffron;
wigs and the hair used to make them; electric trains; silk handkerchiefs; and two different kinds of watches. There are also certain high-technology intermediate goods on this list, such as gas turbines for small aircraft, flat knitting machines; and chemicals doped for use in electronics, and piezoelectric crystals. These disaggregated results effectively undermine the search explanation in Alessandra and Co (2007) for an association between importers' income and unit values. It is less likely that the poor, having a low opportunity cost of time, are more efficient searchers for truffles and silk handkerchiefs, than that these come in different qualities and the rich get the best ones. The possibility that price discrimination, as described above, could play a role for some of these products, cannot be ruled out.
Residuals and non-tariff measures
As alluded to earlier, there is a substantial amount of variation in unit values that is not readily explained by either difference in importers' or exporters' per capita income or by distance effects. As a simple measure of this, the unadjusted R 2 is less than 0.2 for 78 percent of the 3,628 products studied, and less than 0.4 for over 99 percent of the products. The tariff-equivalent effects of non-tariff measures are often estimated by a "price gap" that captures the difference between the price paid by a particular importer suspected of having a non-tariff barrier, and a "world market" price taking into account appropriate transport and distribution margins. The product-specific information required to estimate these price gaps often requires specific knowledge of individual products, and it is challenging to come up with a convincing method of estimating price gaps for many products at once (Ferrantino (2006) ).
The residuals for the specification estimated here can potentially be used to look at cases for which countries appear to pay "too much" or "too little" for their imports, on a quality-adjusted basis. Using both of the income effects to capture two different aspects of quality handles one problem which often plagues the estimation of price gaps.
Since the residuals from our 3,628 regressions are available, we use them to generate summary measures of country-and product-category-specific deviation in c.i.f. import prices, and ask whether the resulting patterns resemble those which might reasonably be associated with non-tariff measures. 13 Accordingly, we construct a summary index for the purpose of comparing each importing country's c.i.f. prices actually paid with the prices expected according to equation (1), for the products it actually imports, from the trading partners it imports from, as follows:
Let V ijk be the reported value of exports from country i to country j of product k. where the weights in the denominator include only those values of (i,k) observed for a particular importer j. The resulting indices should provide an indicator of whether each importer is paying "too much" or "too little" for the products it is importing from the sources it is importing from. The weights serve the purpose of removing from the index effects arising purely from the fact that different importers import different bundles of goods, or that they trade with different partners for geographic reasons.
The results of this index are reported in Table 9 , in alphabetical order. The index is calculated for all products and then partitioned for agricultural and non-agricultural products. 14 While we have yet to do any formal analysis of these scores, they do not immediately show any obvious pattern either by level of development or by our impressionistic notions of the incidence of non-tariff barriers. The countries with the highest import prices, ceteris paribus, are Iceland, Belarus, Madagascar, and Jamaica, while those with the lowest import prices are Suriname, Pakistan, Togo, and Lithuania.
The results do have one unusual feature. Even though the index numbers are aggregates of OLS residuals which have mean zero in each regression, the index numbers themselves are asymmetric, taking a larger number of negative than positive values (for total trade, the negative index values outnumber the positive ones by 90 to 18). This feature of the results is deserving of a good explanation.
In an attempt to provide at least one ad hoc test of whether the residuals in aggregate might contain some information on the prevalence of price-increasing nontariff measures, we compared the agriculture scores for members of the G-10 and Cairns Group countries with sufficient data to calculate the score. This was based on the idea that the G-10, who work within the current WTO negotiations to maintain their agricultural import restraints, are likely to have higher-than-average non-tariff barriers, while the Cairns Group, who seek to lower agricultural barriers, are likely to have lowerthan-average non-tariff barriers themselves. The results are portrayed in Figure 3 . As it turns out, the G-10 countries do pay above-average import prices for agricultural goods, ceteris paribus, than the Cairns Group, with a mean index value of .023 for the seven members of the G-10 we can score, and a similar value of -.082 for the seventeen members of the Cairns Group. For this number of countries, the standard difference-ofmeans test has a p-value of almost exactly .10, that is, the difference is of marginal statistical significance when the countries are treated as observations. This result, while suggestive that there may be some policy-related information in our residuals, should not be given excessive weight.
Conclusions
We have combined different strands in the recent literature on unit values, the "quality ladder" strand representing income-based variation by exporter and the "pricingto-market_ strand focusing on income-based variation by importer. By examining the prevalence of these effects on disaggregated products, and for multilateral trade data, we have shown that both quality-ladder and pricing-to-market effects are widely prevalent in international trade. Quality-ladder effects, in particular, are more universally prevalent and stronger, and our estimates of these effects look like they provide useful information about international technology gaps. Pricing-to-market effects seem less likely to do with a comparative advantage in search than with some aspect either of product differentiation or price discrimination as experienced by consumers. In some cases they also appear to capture aspects of technology along a different dimension than the quality-ladder effects, as yet to be defined. The possibility that a refinement of this approach could yield higher-quality residuals for the "mass-produced" estimation of NTM price gaps is a topic for future research, which we have sketched here but not fully explored. p a r e d  f o o d , b e v e r a g e s , a   m  i n e r a l p r o d u c t s   c h e m   i c a l s   a n d  p r o d u c t s   r u b b e r a n d   p l a s t i c s   h i d e s , l e a t h e r , a n d   s k i n s   w  o o d , c o r k , a n d   s , h e a d g e a r , e t c   s t o n e , c e r a m   i c s , a n p a r e d  f o o d , b e v e r a g e s , a   m  i n e r a l p r o d u c t s   c h e m   i c a l s   a n d  p r o d u c t s   r u b b e r a n d   p l a s t i c s   h i d e s , l e a t h e r , a n d   s k i n s   w  o o d , c o r k , a n d   s , h e a d g e a r , e t c   s t o n e , c e r a m   i c s , a n Evaluated as the effect of landlocked vs. non-landlocked status. I c e l a n d N o r w a y S w i t z e r l a n d M a u r i t i u s J a p a n B u l g a r i a K o r e a , R e p . P e r u C h i l e A r g e n t i n a G u a t e m a l a T h a i l a n d U r u g u a y B r a z i l B o l i v i a C o s t a R i c a C o l o m b i a N e w Z e a l a n d S o u t h A f r i c a A u s t r a l i a P a r a g u a y C a n a d a P a k i s t a n M a l a y s i a G-10 Countries With Available Data -mean .023
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